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Abstract 

The u t i l i t y  of t e t h e r e d  and f r e e ,  manned h o t- a i r  b a l l o o n s  f o r  warm fog r e s e a r c h  
i s  examined. Advantages and l i m i t a t i o n s  of t h e  b a l l o o n s  i n  comparison t o  o t h e r  a i r -
borne p l a t f o r m s  a r e  c o n s i d e r e d .  The manned h o t- a i r  b a l l o o n s  a r e  ve ry  s u i t a b l e  p l a t -
forms f o r  s t u d i e s  t h a t  r e q u i r e  t h a t  heavy payloads  be c a r r i e d  wi th  
t o  t h e  f o g .  

Te thered ,  manned h o t- a i r  b a l l o o n s  have been s u c c e s s f u l l y  used by t h e  E a r t h  and 
P l a n e t a r y  Sc iences  D i v i s i o n  of  t h e  Naval Weapons Center  t o  t e s t  d r o p l e t  charg ing  and 
hygroscopic  s p r a y  d e v i c e s  f o r  d i s p e r s i n g  fog .  An ins t rumented h o t- a i r  b a l l o o n  i s  
being read ied  f o r  a  s t u d y  of fog p r o p e r t i e s  t h a t  r e g u l a t e  p o t e n t i a l s  f o r  fog modi f i-
c a t i o n .  

1. INTRODUCTION 

Fog i s  c loud  a t  ground o r  s e a  l e v e l .  Fog i n h i b i t s  v i s u a l  o b s e r v a f i o n  and 

p r e s e n t s  n a v i g a t i o n  h a z a r d s  f o r  a i r b o r n e ,  sea-going and land-based v e h i c l e s .  For 

example, a f o g  t h a t  r e d u c e s  v i s i b i l i t y  t o  l e s s  than  one-half and c e i l i n g  t o  less 

than  200 f e e t  w i l l  c l o s e  most a i r p o r t s .  f o g ,  a s  compared t o  supercooled f o g ,  i s  

c o l l o i d a l l y  r e l a t i v e l y  s t a b l e .  Supercooled f o g  may be q u i t e  simply and r a p i d l y  
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1. c o n s t a n t -  

2 

a  phase  change by a  v e r y  

and p r a c t i c a l  method f o r  t r i g g e r i n g  t h e  of fog  has  

95% of a l l  fog  o c c u r r e n c e s  a r e  t h a n  f r e e z i n g ,  s o  

t o  e f f e c t i v e  warm f o g  

Labora to ry  f i e l d  r e s e a r c h  of warm be ing  conducted  t h e  and 

p l a n e t a r y  of t h e  Cen te r  r e s e a r c h  

h a s  b a s i c  and measurement of fog  and prop-

e r t i e s  t h a t  a f f e c t  f o r  f o g  m o d i f i c a t i o n ;  ( 2 )  development t e s t i n g  of 

e x p e r i m e n t a l  f o g  d i s s i p a t i o n  t e c h n i q u e s ,  o f  e f f e c t s  fog  


and t h e  fog  


e i t h e r  o f  t h i s  r e q u i r e s  f o r  o b s e r v a- 


fag-dispersing and measur ing d e v i c e s .  The 


needed,  o r  t h e  n a t u r e  o f  
 d i s p e r s a l  t y p e s  of 


should  be u s e d .  The manned, h o t- a i r  b a l l o o n  
 one Some a d v a n t a g e s  


and l i m i t a t i o n s  
 u s i n g  t h e s e  b a l l o o n s  warm fog  work a r e  h e r e .  P a s t  

p lanned a p p l i c a t i o n s  by t h e  EPSD a r e  d i s c u s s e d .  

FOR FOG STUDIES 

The p l a t f o r m s  u s e d - i n  warm f o g  r e s e a r c h  may be o r  s t a t i o n a r y ,  

based o r  a i r b o r n e .  Ground l e v e l  p l a t f o r m s  a r e  u s u a l l y  t h e  f o g  t r e a t e d  

o r  observed a s  i t  d r i f t s  p a s t  a f i x e d  p o i n t  o r  a r r a y  of p o i n t s .  Towers ex tend  t h e  

c a p a b i l i t y  of ground-based t o  t h e  v e r t i c a l  up t o ,  s a y ,  100 f e e t  

above ground l e v e l .  The t o t a l  d e p t h  o f  s h a l l o w  f o g s  such a s  d e v e l o p i n g  r a d i a -

t i o n  f o g s  may t h u s  be s t u d i e d  o r  t r e a t e d .  Towers r e a c h  i n t o  o n l y  t h e  Lower p o r t i o n s  

of f o g s ,  which exceed d e p t h s  of f e e t .  

O b s e r v a t i o n s  o f  f o g  made from s t a t i o n a r y ,  ground 

a r e  v e r y  u s e f u l ,  a l t h o u g h  t h e y  do n o t  r e p r e s e n t  t h e  t o t a l  fog  sys tem.  

fog d i s s i p a t i n g  m a t e r i a l s  and t r e a t i n g  s u f f i c i e n t  d e p t h s  of fog  from t h e s e  p l a t f o r m s  

i s  d i f f i c u l t , even e x p e n s i v e  a r r a y s  a r e  employed. 

A i r b o r n e  c a r r i e r s  c a n  b e  used t o  complement ground-based measurements by 

e x t e n d i n g  t h e  o f  t h e  f o g  obse rved .  A l s o ,  t a r g e t i n g  s e e d i n g  

m a t e r i a l  and t r e a t i n g  f o g  volumes i s  most r e a d i l y  accompl ished from 

a l o f t ,  t h e  f o g  d i s s i p a t i n g  d e v i c e  i s  compa t ib le  t o  mounting i n  o r  on a n  a i r -

borne  

The v a r i o u s  space  and t i m e  r e q u i r e m e n t s  of a i r b o r n e  fog  r e s e a r c h  o p e r a t i o n s  

a r e  l i s t e d  i n  Tab le  Fixed-wing a i r c r a f t ,  h e l i c o p t e r s ,  k y t o o n s ,  f r e e  

l e v e l  b a l l o o n s ,  and h o t- a i r  b a l l o o n s  a l l  o f f e r  a d v a n t a g e s  and d i s a d v a n t a g e s .  Opera-

t i o n a l  s p a c e  and t i m e  r e q u i r e m e n t s  t h a t  cou ld  be m e t  w i t h  h o t- a i r  b a l l o o n  f l i g h t s  

a r e  i n d i c a t e d  i n  t h e  Tab le .  

I n  t h e  

t i o n  o p e r a t i o n  of 

t o v e r s  



h o t - a l r  

1s 

p o i n t  of e x a m p l ~ ,  

wlnd 

r a i s l n g  

f r o n  

d l s t a n c e  con tamina t ing  f o s  

I d * a l l y ,  

f o g l c l e a r - a i r  

s e c t l o n  

1s 

1 )  

N W C ' s  

I n  t h e  t e t h e r e d  mode, manned b a l l o o n s  add t o  t h e  v e r t i c a l  d imecsion 

o f  f ixed- po in t  tower measurements, and a r e  s u i t a b l e  f o r  c e r t a i n  smal l- area  t e s t s  

of fog  d i s p e r s a l  d e v i c e s .  Since  t h e  t e t h e r e d  b a l l o o n  system p o r t a b l e ,  t h e  

l a u n c h  may be r e a d i l y  changed between f l i g h t s .  Thus, f o r  t h e  

t e s t i n g  p o s i t i o n  may be coord ina ted  w i t h  t h e  f i e l d  t h a t  p r e v a i l s  a t  t h e  t ime of 

l aunch .  V e r t i c a l  p r o f i l e  measurements may b e  a c q u i r e d  w i t h  a  t e t h e r e d  h o t- a i r  b a l l o o n  

by r a i s i n g  and lowering t h e  b a l l o o n  i t s e l f ,  o r  by lowering and a n  i n s t r u -

ment package t h e  b a l l o o n .  E i t h e r  a movable package o r  a package susgended a t  

a f i x e d  below t h e  ba l loon  a v o i d s  e f f e c t s  on t h e  due t o  

h e a t ,  water  and p a r t i c u l a t e s  from t h e  burner  t h a t  powers t h e  b a l l o o n .  t h e  

h o t- a i r  b a l l o o n  i s  used t o  l o c a t e  f o g  t o p ,  and o p e r a t i o n  i s  main ta ined  j u s t  above f o g  

top .  Measurements a t  a d e s i r e d  p o s i t i o n  r e l a t i v e  t o  fog  t o p  and p r o f i l e s  on a s c e n t  

and d e s c e n t  through t h e  fog  d e p t h  and t h e  boundary can  t h u s  be o b t a i n e d .  

T h i s  t y p e  of o p e r a t i o n  a l l o w s  v i s u a l  o b s e r v a t i o n  of fog t o p  s t r u c t u r e ,  which i s  i m-

p o r t a n t  t o  c h a r a c t e r i z i n g  fog l i f e  c y c l e s  . 
Fixed l e v e l  o r  p r o f i l e  measurements from a  f r e e ,  manned h o t- a i r  ba l loon  can be 

o b t a i n e d  i n  much t h e  same manner. The b a l l o o n  p i l o t  can c o n t r o l  t h e  l e v e l  o f  any 

suspended ins t rument  package r e l a t i v e  t o  f o g  t o p ,  and t h u s  e l i m i n a t e  t h e  need f o r  

remote- control  d e v i c e s .  The advantage of a f r e e  b a l l o o n  i s  t h a t  i t  w i l l  d r i f t  wi th  

a g iven  fog  volume o r  " parce l" .  A given  of fog t o p  and a s p e c i f i c  f lowing 

volume of foggy a i r  c a n  t h u s  be  c o n t i n u o u s l y  moni tored and /or  t r e a t e d  w i t h  d i s -

p e r s i n g  m a t e r i a l s ,  w i t h  minimum d i s t u r b a n c e  of t h e  fog  by t h e  c a r r i e r .  Such an  

o p e r a t i o n  h a s  n o t  been e x p e r i m e n t a l l y  t r i e d  bu t  might w e l l  p rov ide  v a l u a b l e  informa-

t i o n  on t h e  e v o l u t i o n  of fog .  The b a l l o o n  o p e r a t i n g  a t  fog  t o p  w i t h  a n  ins t rument  

package suspended i n t o  t h e  fog  may be expec ted  t o  t r a c k  a  g iven  f o g  volume i n  c a s e s  

when (1) wind s h e a r  i s  n e a r  z e r o  between b a l l o o n  and package,  ( 2 )  a i r f l o w  i s  con-

s i s t e n t ,  calm, o r  changing q u i t e  s lowly  s o  momentum does  no t  c a u s e  t h e  ba l loon  t o  

overshoo t  o r  l a g  d r i f t  of  t h e  fog  volume, and (3)  v e r t i c a l  mixing i n  t h e  fog 

minimal o r  accounted f o r  by measurement o r  c a l c u l a t i o n .  

Most t ime  requ i rements  f o r  a i r b o r n e  f o g  o p e r a t i o n s  (Table can  be met wi th  

a manned, h o t- a i r  b a l l o o n .  The main e x c e p t i o n  o c c u r s  when a  l a r g e  foggy .area i s  

t o  be  t r e a t e d  o r  observed i n  a  s h o r t  time. The o n l y  o t h e r  r e a l  r e s t r i c t i o n  i s  

t h e  l i m i t  on f l i g h t  d u r a t i o n  imposed by t h e  f u e l  supp ly  and t h e  s i z e  of t h e  payload.  

For example, t h e  payload of b a l l o o n  c a n  be as heavy a s  1 ,400  l b s ,  bu t  f l i g h t  

t ime i s  l i m i t e d  t o  1-3 hours  w i t h  one f u e l  t a n k .  However, a t e t h e r e d  b a l l o o n  can be  

l a n d e d ,  r e f u e l e d  and launched a g a i n  w i t h  a n  i n t e r r u p t i o n  i n  measurement of l e s s  than  

an  hour ,  provided t h e  r e f u e l i n g  t e c h n i q u e  a l l o w s  t h e  b a l l o o n  t o  remain i n f l a t e d .  

F r e e  h o t- a i r  b a l l o o n s  p r e s e n t  a g r e a t e r  l o g i s t i c s  problem, bu t  f r e e  f l i g h t s  exceeding 

t h r e e  o r  f o u r  hours  would b e  a n  uncommon requ i rement  i n  fog  o p e r a t i o n s .  



d i f f e r e ~ t  

ir, f c g  hazd,  cons ta r , t -dens i ty -  

j a l l o o n s ,  

compari- 

soc  t h e s e  p r i c c i p a l  advantage of 

EXkYPLES 

L e v e l ( s )  

s m a l l  

t a r g e t i f i g  

w l t h  

( s )  

Over ( s )  

( e . g . ,  

v c l m e .  

vertical 
a i r / f o g  

- 

* 
Flxea  

Hinu tes  

with 

l l n e - p a t h  

The h o t - a i r  b a l l o o n s  and fixed-wing a i r c r a f t  s e r v e  q u i t e  f u n c t i o n s  

r e s e a r c h .  On t h e  c t h e r  h o t- a i r  b a l l o o n s ,  ky toons ,  

l e v e l  and h e l i c o p t e r s  can  s e r v e  r e l a t i v e l y  s i m i l a r  purposes .  Tab le  2 

summarizes some advan tages  and d i s a d v a n t a g e s  of manned h o t- a i r  b a l l o o n s  i n  

t o  c t h e r  v e h i c l e s .  A t h e  h c t- a i r  ba l loon  i s  t h e  

TABLE 1. Various  Space and T ine  Requirements of Ai rborne  Fog Opera t ions  

SPACE 

S p e c i f i c  

L ine  p a t h s  boxing 
l a r g e  o r  a r e a  

Cross-wind p a t h  
* 

Path  of d r i f t  
wind and f o g  p a r c e l  

* 
Fixed p o i n t  a l o f t  

V e r t i c a l  P r o f i l e s  
* 

f i r e d  p o i n t  

I n  cross-wind p l a n e  

* 
I n  p l a n e  p a r a l l e l  t o  wind,  

moving wi th  volume 

TIME 

Increments
* 

Continuous 

i n t e r v a l s  

seconds 

minutes  

hours  

Dura t ion
* 

Seconds
* 

* 


Hours 

* 
F e a s i b l e  wi th  manned h o t- a i r  b a l l o o n .  

OF PURPOSE 

Measure n e t  f l u x  of fog  l i q u i d  water  through 
volume 

Line s e e d i n g ,  t o  enhance 

Monitor changing fog  p r o p e r t i e s  
d r o p l e t  s i z e )  i n  g iven  volume; 
c o n t i n u o u s l y  t r e a t  same fog  

High po in t- source  t e s t i n g  o f  fog  d i s p e r s a l  
d e v i c e s .  

Extend v e r t i c a l  dimension o f  tower 
measurements. 

In- fog sampling of l i q u i d  wa te r  t o  
measure e f f e c t  o f  l i n e  seed ing  

(Same a s  a t  s p e c i f i c  l e v e l ,  
dimension added) 

Monitor e v o l u t i o n  of fog  p r o p e r t i e s ,  
e s p e c i a l l y  d u r i n g  s e e d i n g .  

(same as con t inuous  moni to r ing)  

Repeat seed ing  t o  i n c r e a s e  
dosage 

Monitor g r o s s  changes  i n  fog  ( e x t e n t ,  d e p t h ,  
d e n s i t y )  

Accomplish l i n e- p a t h  s e e d i n g  

Induce and moni to r  changes i n  fog  p r o p e r t i e s  

Monitor fog  l i f e  c y c l e s  
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from i s  

piloting 

restriction 

w i t h  

more 

downwash 

-- a 1  

w l t h  solutions. 

t e s t l n g  s p r a y l n g  

NWC 

a 1  

heavy-payload c a p a b i l i t y .  D i r e c t  v i s u a l  o b s e r v a t i o n  t h e  o p e r a t i n g  l e v e l  

a l s o  h e l p f u l .  The crew of  5-7 men r e q u i r e d  f o r  l a u n c h i n g ,  c o n t r o l l i n g  and 

a h o t- a i r  b a l l o o n  a c c o u n t s  f o r  most  o f  t h e  modera te  o p e r a t i n g  expense .  A t e t h e r e d  

h o t - a i r  b a l l o o n  canno t  b e  s a f e l y  o p e r a t e d  i n  winds exceed ing  abou t  8 k n o t s .  T h i s  

l i m i t s  o p e r a t i o n s  i n  a d v e c t i o n  f o g s ,  i n  p a r t i c u l a r ,  b u t  shou ld  n o t  h i n d e r  

s t u d i e s  of r a d i a t i o n  f o g s .  

A h e l i u m- f i l l e d  kytoon may b e  f lown on s t a t i o n  f o r  a  v e r y  l o n g  t i m e ,  

a minimal crew. However, s e v e r a l  ky toons  o p e r a t e d  i n d i v i d u a l l y  o r  i n  tandem may 

be r e q u i r e d  t o  c a r r y  a  comple te  pay load .  Hot- a i r  b a l l o o n s  a r e  g e n e r a l l y  

s t a b l e  t h a n  ky toons .  

C o n s t a n t- l e v e l  b a l l o o n s  a r e  e x c e l l e n t  f o r  s imply  t r a c k i n g  a i r f l o w  th rough  

f o g ,  p rov ided  ground c l u t t e r  d o e s  n o t  i n t e r f e r e  w i t h  t h e  r a d a r ' s  f u n c t i o n .  T h i s  

a p p l i c a t i o n  would b e  u s e f u l  f o r  d e t e r m i n i n g  t h e  l i f e t i m e  of f o g  d r o p l e t s ,  f o r  

example.  T h i s  t y p e  of b a l l o o n  c o u l d  c a r r y  some m i n i a t u r i z e d  s e n s o r s ,  b u t  i t  i s  

n o t  des igned  t o  c a r r y  a  s i g n i f i c a n t  pay load .  

H e l i c o p t e r s  a r e  u s e f u l  f o r  f o g  d i s p e r s a l  tests  i n  which t h e  e f f e c t s  of t h e  

a r e  d e s i r e d  t o  a c t  i n  combinat ion  w i t h  o t h e r  d i s p e r s a l  a g e n t s  such  a s  

h y g r o s c o p i c s .  The d i s t u r b a n c e  t o  t h e  fog  g r e a t l y  l i m i t s  t h e  u t i l i t y  o f  h e l i c o p t e r s  

i n  f o g  c h a r a c t e r i z a t i o n  s t u d i e s .  The f o g  d i s t u r b a n c e  by h o t - a i r  b a l l o o n s  i s  

r e l a t i v e l y  i n s i g n i f i c a n t .  

3. A BALLOON-BORNE DROPLET CHARGING SYSTEM 

Warm f o g s  c a n  b e  d i s p e r s e d  i f  t h e  f o g  d r o p l e t s  can  be induced t o  c o l l i d e  and 

c o a l e s c e ,  s o  as t o  g a i n  s u f f i c i e n t  mass t o  s e t t l e  o u t .  E l e c t r i c a l l y  charged d rop-

l e t s  a r e  much more e f f i c i e n t  c o l l e c t o r s  of o t h e r  d r o p l e t s  t h a n  a r e  uncharged drop-

l e t s .  C a r r o z ,  e t  (1972) e s t i m a t e  s i g n i f i c a n t  i n c r e a s e s  i n  v i s i b i l i t y  i n  f o g s  

t h a t  are sp rayed  charged d r o p l e t s  o f  w a t e r  o r  hygroscop ic  These  

p o t e n t i a l s  prompted development and o f  a d r o p l e t  and c h a r g i n g  

sys tem by w i t h  c o o p e r a t i o n  from t h e  U.S. Army's Atmospheric S c i e n c e s  L a b o r a t o r y  

and t h e  F e d e r a l  A v i a t i o n  A d m i n i s t r a t i o n .  During P r o j e c t  Foggy Cloud I V ,  charged 

w a t e r  d r o p s  were sp rayed  from a  h o t - a i r  b a l l o o n  i n t o  s m a l l  volumes o f  f o g  and open 

a i r ,  t h u s  p e r m i t t i n g  l a b o r a t o r y  t y p e  e x p e r i m e n t s  t o  b e  conducted  i n  t h e  f i e l d .  

Details o f  t h e  p r o j e c t  and t h e  r e s u l t s  a r e  r e p o r t e d  by Loveland,  e t-- (1972) .  

H i g h l i g h t s  a r e  p r e s e n t e d  h e r e  t o  show how t h e  b a l l o o n  was used .  

F i e l d  tests were conducted  u t i l i z i n g  a n  i n d u c t i o n  c h a r g i n g  sys tem and p r e s s u r -

i z e d  w a t e r  d e l i v e r y  sys tem.  T h i s  a p p a r a t u s  was l i f t e d  by a  t e t h e r e d  manned h o t- a i r  

b a l l o o n  60 f e e t  i n  d i a m e t e r  w i t h  a  payload c a p a c i t y  o f  abou t  1 , 4 0 0  pounds.  Propane 

b u r n e r s  p r o p e l  t h i s  b a l l o o n .  
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The charged drop- producing sys tem i n  i t s  f i e l d- r e a d y  ( F i g u r e  

n o z z l e  I s  t o  aDelavan hollow-cone 

median d i a m e t e r  o f  and a  s p r a y  r a c e  of 8 . 8  a t  125 p s i .  C o n i c a l  

r i n g s  were u t i l i z e d .  The 30- degree a n g l e  of t h e  r i n g s  

t h e  3C-degree n o z z l e  s p r a y  p a t t e r n  The e n t r a n c e  open ings  were 

d i s c o u r a g e  a r c i n g  between n o z z l e  r i n g .  A l l  n o z z l e s  t o  

produce  a  s p r a y  r a t e  o f  6 Negatively-charged s p r a y  was p ro-

duced w i t h  t h e  s o u r c e  a t t a c h e d  a s  i n  2 ;  p o s i t i v e  s p r a y  was p rov ided  by 

s o u r c e .  The assembly plumbing which s u p p o r t e d  t h e  n o z z l e s ,  was a n  

octagon 1 )  s i d e s  a b o u t  1 2- f e e t  l o n g ,  s u p p o r t e d  by c a b l e s ,  and was 20 

f e e t  below t h e  gondola .  Twenty- four c a b l e s  were u s e d ,  a s  t h e  was 

n o t  r i g i d .  A wa te r  t a n k  p r e s s u r i z e d  by compressed c i t r o g e n  o r  he l ium f e d  t h e  a s -

sembly. I n  e x p e r i m e n t s ,  a ground-mounted emf s o u r c e  was u s e d ;  however, a por-

t a b l e  r a d i o- t y p e  b a t t e r i e s )  was c o n s t r u c t e d  f o r  

a l t i t u d e  t e s t i n g .  T h i s  s o u r c e  p rov ided  a b o u t  2 ,700 v o l t s  when f r e s h  .and d e c i i n e d  

t o  2 ,200 v o l t s  a f t e r  u s e .  

F i e l d  t e s t s  were conducted  t h e  Xrcata- Eureka A i r p o r t  and i n  V a l l e y ,  

bo th  i n  t h e  n o r t h  c o a s t a l  r e g i o n  o f  C a l i f o r n i a .  C l e a r  a i r  tests  t h a t  

t h e  b a l l o o n  sys tem cou ld  produce  charged d r o p l e t s ,  and t h a t  t h e s e  d r o p l e t s  would hold  

t h e i r  c h a r g e s  f o r  t i m e s  s u f f i c i e n t  t o  produce  i n t e r a c t i o n  w i t h  fog d r o p l e t s .  The 

i n d u c t i o n  r i n g s  tended t o  c o l l e c t  t h e  h i g h l y  charged f i n e  d rop-

le t s  (< 20 d i a m e t e r ) ,  t h u s  f o g  enhancement by t h e s e  

E f f e c t s  of c h a r g i n g  t h e  s p r a y  cou ld  b e  s e e n  v i s u a l l y .  Under calm wind 

uncharged d r o p l e t s  s e t t l e d  downward from t h e  s p r a y  boom a s  expec ted  t h e  

f l u e n c e  of g r a v i t y  ( F i g u r e  d r o p l e t s  w i t h  one were s p r a y e d ,  t h e y  

were a t t r a c t e d  t o  t h e  b a l l o o n  was grounded by t h e  t e t h e r .  Smal l  and 

mobi le  charged d r o p l e t s  were back and upward toward t h e  b a l l o o n  under t h e  I n-

f l u e n c e  of t h e  f i e l d  produced between t h e  b a l l o o n  and t h e  space  c h a r g e  of t h e  s p r a y .  

An i n t e r e s t i n g  q u e s t i o n  t h a t  t h e  e f f e c t  o f  the e a r t h ' s  n a t u r a l  

f i e l d  on charged d r o p l e t s .  G e n e r a l l y ,  t h e  e a r t h ' s  n a t u r a l  f i e l d  goes  t o  p o s i t i v e  

w i t h  a l t i t u d e ,  and may b e  o f  t h e  o r d e r  1 0 0  t o  1 , 0 0 0  i n  f o g .  P o s i t i v e  d r o p s  

cou ld  be f o r c e d  down f a s t e r  t h a n  g r a v i t y  a l o n e  would them; n e g a t i v e  d r o p s  

cou ld  be g iven  a n  i n c r e a s e d  t endency  remain  up.  The exper imen t s  d e m o n s t r a t e d ,  

however, t h a t  t h e  sp ray- genera ted  f i e l d s  overshadow t h e  e a r t h ' s  n a t u r a l  f i e l d s ,  

e x c e p t  when d r o p s  d r i f t  enough t o  b e  o u t  o f  t h e  g e n e r a t e d  l o c a i  

f i e l d .  I n  f i e l d  measurements u s i n g  a f i e l d  m i l l ,  f i e l d s  o f  4 ,000 were con-

s i s t e n t l y  genera ted  under  t h e  s p r a y  charged d r o p s .  A f i e l d  o f  t h i s  magni tude  

can  s u b s t a n t i a l l y  a f f e c t  d r o p l e t s  w i t h  1 6  d i a m e t e r s  o r  less ,  a s  was v i s u a l l y  

obse rved .  However, t h e  predominance of d r o p l e t s  were c o n s i d e r a b l y  l a r g e r  and 

r e l a t i v e l y  u n a f f e c t e d  by e i t h e r  t h e  induced o r  n a t u r a l  f i e l d s .  
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The s m a l l ,  charge- car ry ing  d r o p l e t s  t h a t  r e t u r n  t o  t h e  sp ray  r i g  c o n s t i t u t e  a  

Unless such d r o p i e t s  mass by c o l l e c t i n g  f o g  d r o p l e t s  d u r i n g  


t h e i r  t r a n s i t ,  s o  a s  t o  avoid  t o t a l  r e t u r n ,  t h e y  can  reduce  t h e  e f f e c t i v e n e s s  of 


t h i s  t y p e  of system. T h e r e f o r e ,  p rocedures  t o  reduce  t h i s  feedback t e s t e d .  A 


feedback 
 observed a s  an  i n c r e a s e  i n  c u r r e n t  between t h e  s p r a y  system 

and ground. An was c a r r i e d  o u t  t o  d e t e r n i n e  whether u s e  c f  a blower 

would i n c r e a s e  ground c u r r e n t  by p r e v e n t i n g  t h e  f r e e  c h a r g e s ,  o r  charged d r o p l e t s ,  

from r e t u r n i n g  t o  t h e  grounded s p r a y  assembly.  F i r s t ,  a s i n g l e  n o z z l e  system w i t h  

t h e  b a l l o o n- i n f l a t o r  blower was t e s t e d  n e a r  ground l e v e l ,  a s  i l l u s t r a t e d  i n  F i g u r e s  

4 and 5 .  Minus 2 ,250 v o l t s  were a p p l i e d  t o  t h e  i n d u c t i o n  r i n g  t o  produce a  p o s i t i v e  

sp ray .  t h e  blower o f f ,  measured ground c u r r e n t  was 2  microamperes; w i t h  t h e  


blower o n ,  ground c u r r e n t  was 
 microamperes. The blower d i d  reduce  


feedback.  


t h e  of t h e  blower a t  h i g h e r  a l t i t u d e s ,  a s p e c i a l i y  

c o n s t r u c t e d  nine- nozzle  system w i t h  t h e  blower was c o n s t r u c t e d .  The ground c u r r e n t  

was found t o  d e c r e a s e  w i t h  a l t i t u d e  between ground and 100 f e e t ,  bu t  n o t  a s  r a p i d l y  

a s  wi thout  t h e  blower;  t h e  feedback r e d u c t i o n  was a l t i t u d e- d e p e n d e n t .  The p a t t e r n  

was a p p a r e n t l y  due t o  s t r o n g e r  d r o p l e t  a t t r a c t i o n  by t h e  e a r t h  a t  lower a l t i t u d e s .  

Fog was u n f o r t u n a t e l y  n o t  encountered d u r i n g  t h e  scheduled test p e r i o d ,  bu t  

t h e  t e s t s  of t h e  bal loon- borne charg ing  system d i d  show t h a t  t h i s  fog  d i s p e r s a l  

method was worthy of f u r t h e r  r e s e a r c h .  T h i s  r e s e a r c h  i s  i n  p r o g r e s s .  The h o t- a i r  

b a l l o o n  was a n  e x c e l l e n t  v e h i c l e  f o r  t h e  t e s t s  conducted.  

HYGROSCOPICS SPRAYED FROM THE BALLOON 

Hygroscopic p a r t i c l e s  r a p i d l y  grow by vapor  d i f f u s i o n  i n  s a t u r a t e d ,  foggy a i r .  

The r e s u l t i n g  s o l u t i o n  d r o p l e t s  may be l a r g e  enough t o  c o l l i d e  and c o a l e s c e  fog 

d r o p l e t s .  These e f f e c t s  can  l e a d  t o  fog  d i s s i p a t i o n  a s  t h e  l a r g e  d r o p l e t s  

The FAA r e q u e s t e d  o f  NWC t h a t  l i q u i d  hygrosocopic chemicals  such a s  g l y c e r i n e ,  

d i e t h y l e n e- and t e t r a e t h l y e n e- g l y c o l ,  proposed and f u r n i s h e d  by Dow Chemical Company, 

be t e s t e d  u s i n g  t h e  h o t- a i r  b a l l o o n .  The b a l l o o n  system f o r  t h e s e  tests i s  d e p i c t e d  

i n  F i g u r e  6 .  The b a l l o o n  c a r r i e d  30 g a l l o n s  of t h e  t e s t  chemical  i n  t h e  gondola .  

The chemical  was sprayed from t h e  gondola u s i n g  t h e  Dow s p i n n i n g  d i s c  p a r t i c u l a t o r  

( s e e  e t  a l ,  1971) .  A c a b l e  c a r r i e d  power from t h e  ground t o  t h e  b a l l o o n  and 

supported a v e r t i c a l  a r r a y  o f  d r o p l e t  sample rs .  These sample rs  were used t o  d e t e r -

mine i f  t h e  d r o p l e t s  of chemical  changed i n  s i z e  by c o l l e c t i n g  e i t h e r  wa te r  vapor  

o r  t h e  v i s i b i l i t y - r e s t r i c t i n g  d r o p l e t s .  

C l e a r- a i r  t e s t s  were conducted w i t h  a l l  t h r e e  chemica l s .  The o b j e c t i v e s  of t h e  

c l e a r - a i r  t e s t s  were t o  measure t h e  d r o p  s i z e - d i s t r i b u t i o n  from t h e  p a r t i c u l a t o r s ,  

and t o  observe  t h e  c h a r a c t e r i s t i c s  of t h e  plume. I n  b r i e f ,  d r o p  s i z e - d i s t r i b u t i o n  
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samples o b t a i n e d  from t h e  d i s c  p a r t i c u l a t o r  showed t h a t  over  78% of a l l  d r o p s  had 

d i a m e t e r s  l e s s  than  30 r e g a r d l e s s  of t h e  c o l l e c t i o n  d i s t a n c e  below t h e  b a l l o o n  

and C l a r k ,  1972) .  Evaporat ion of t h e  chemical  d r o p s  should not  have caused 

a s i g n i f i c a n t  e f f e c t  i n  t h e  humid c o a s t a l  These d r o p l e t s  were 

t h a n  d e s i r e d  f o r  optimum e f f e c t s  on  f o g .  The maximum f low r a t e  t h e  

d i s c  p a r t i c u l a t o r  was 2.7 

e t  (1971) r e p o r t  t h a t  t h e  plume was approx imate ly  1 0  f e e t  i n  

d iamete r  immediate ly  below t h e  p a r t i c u l a t o r  which was a t  100  f e e t  AGL. I n  calm wind 

c o n d i t i o n s  t h e  plume was observed t o  d i f f u s e  t o  approx imate ly  20-25 f e e t  i n  d i a m e t e r .  

A s  t h e  wind v e l o c i t y  i n c r e a s e d  t o  2  t o  3 k n o t s  t h e  width  of t h e  plume i n c r e a s e d  t o  

approx imate ly  220 f e e t  a t  t h e  ground. 

Because o f  t h e  c l e a r  wea ther ,  o n l y  one c loud  d i s p e r s a l  t e s t  was conducted.  

A s t r a t u s  deck w i t h  base  n e a r  250 f e e t  AGL, and t o p  n e a r  500 f e e t  AGL, f i l l e d  Red-

wood Val ley .  The b a l l o o n  was loaded w i t h  g l y c e r i n e  p rehea ted  t o  t o  d e c r e a s e  

v i s c o s i t y  and enhance t h e  f low r a t e .  Only 1 4 . 5  min a f t e r  l aunch ,  t h e  b a l l o o n  was 

s t a b i l i z e d  a t  450 f e e t  AGL and began s p r a y i n g .  Heat from t h e  b a l l o o n  t h e  most 

p r o b a b l e  c a u s e  of t h e  l a r g e  d e p r e s s i o n  around t h e  b a l l o o n  observed some min a f t e r  

s t a b i l i z a t i o n  (F igure  The b a l l o o n  r e l e a s e s  roughly  3 6. 1 0  i n  t e t h e r e d  

f l i g h t ,  a c c o r d i n g  t o  C r a i g ,  t h e  p i l o t  ( p e r s o n a l  Each c u b i c  mete r  

of c loud  t h a t  d r i f t e d  by t h e  b a l l o o n  was c a l c u l a t e d  t o  r e c e i v e  about  453 c a l o r i e s ,  

enough t o  c a u s e  l o c a l  e v a p o r a t i o n .  

A s m a l l  r i f t  was c u t  th rough  t h e  f o g  d e p t h  w e l l  b e f o r e  t h e  end of t h e  9.3 

s p r a y  p e r i o d  (F igure  7b) .  D r o p l e t s  of g l y c e r i n e  wa te r  s o l u t i o n  were observed a t  t h e  

ground under t h e  h o l e .  The amounts of g l y c e r i n e  sprayed amounted t o  2 1  

which was c a l c u l a t e d  t o  be more t h a n  s u f f i c i e n t  t o  c a u s e  t h e  h o l e  by t h e  p rocesses  
\ 

of vapor  d i f f u s i o n  p l u s  d r o p l e t  c o l l i s i o n- c o a l e s c e n c e  and C l a r k ,  1972) .  

Other  s t u d i e s  by i n d i c a t e  t h a t  c e r t a i n  l i q u i d  hygroscop ics ,  and a n  

n i t r a t e- u r e a- w a t e r  s o l u t i o n  i n  p a r t i c u l a r ,  a r e  r e a s o n a b l y  e f f e c t i v e  i n  d i s s i p a t i n g  

f o g .  More e f f i c i e n t  a r e  s t i l l  being s o u g h t .  

5. FUTURE FOG STUDIES WITH HOT-AIR BALLOONS 

The EPSD i s  c u r r e n t l y  funded t o  conduc t  a b a s i c  f o g  c h a r a c t e r i z a t i o n  s t u d y  w i t h  

t h e  manned h o t- a i r  b a l l o o n .  Emphasis w i l l  be  p laced  on s t u d y i n g  t h e  boundary l a y e r  

between dense  f o g  and c l e a r  a i r  above t h e  f o g .  A c q u i s i t i o n  of p r o f i l e s  of c e r t a i n  

pa ramete rs  th rough  t h e  fog  w i l l  a l s o  be  a t t e m p t e d .  The s t u d y  w i l l  be conducted 

p r i m a r i l y  i n  t h e  w a r m ,  w i n t e r  r a d i a t i o n  f o g s  t h a t  form i n  t h e  San Val ley  

o f  C a l i f o r n i a .  The f o r m a t i v e  and r i p e n i n g  s t a g e s  o f  t h e s e  f o g s  a r e  o f  p a r t i c u l a r  

i n t e r e s t ,  s i n c e  p r o c e s s e s  a t  t h e s e  s t a g e s  may hold  p o t e n t i a l s  f o r  m o d i f i c a t i o n  t o  

p r e v e n t  o r  d i s s i p a t e  fog .  
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samples obtained from t h e  d i s c  p a r t i c u l a t o r  showed t h a t  over  78% of a l l  d rops  had 

d iameters  l e s s  than  30 r e g a r d l e s s  of t h e  c o l l e c t i o n  d i s t a n c e  t h e  ba l loon  

and Clark ,  1972) .  Evaporat ion of t h e  chemical d rops  should not  have caused 

a s i g n i f i c a n t  e f f e c t  i n  t h e  humid c o a s t a l  environment.  These d r o p l e t s  were somewhat 

smal le r  than d e s i r e d  f o r  optimum e f f e c t s  on fog .  The maximum flow r a t e  from t h e  

d i s c  p a r t i c u l a t o r  was 2.7 

e t  (1971) r e p o r t  t h a t  t h e  plume was approximately f e e t  i n  

diameter  immediately below t h e  p a r t i c u l a t o r  which was a t  100  f e e t  AGL. I n  wind 

c o n d i t i o n s  t h e  plume was observed t o  d i f f u s e  t o  approximately 20-25 f e e t  i n  d i a n e t e r .  

A s  t h e  wind v e l o c i t y  i nc r ea sed  t o  2  t o  3  knots  t h e  width of t h e  plume increased  t o  

approximately 220 f e e t  a t  t h e  ground. 

Because of t h e  c l e a r  wea ther ,  on ly  one cloud d i s p e r s a l  t e s t  was conducted. 

A s t r a t u s  deck w i th  base near  250 f e e t  AGL, and t op  near  500 f e e t  AGL,  f i l l e d  Red-

wood Val ley.  The ba l l oon  was loaded w i th  g l y c e r i n e  preheated t o  t o  decrease  

v i s c o s i t y  and enhance t h e  f low r a t e .  Only 14.5 min a f t e r  l aunch ,  t h e  ba l loon  was 

s t a b i l i z e d  a t  450 f e e t  AGL and began spray ing .  Heat from t h e  ba l loon  was t h e  most 

p robable  cause of t h e  l a r g e  dep re s s ion  around t h e  ba l l oon  observed 3 a f t e r  

s t a b i l i z a t i o n  (Figure  6The ba l loon  r e l e a s e s  roughly 3 . 10  i n  t e the red  

f l i g h t ,  according t o  J .  Cra ig ,  t h e  p i l o t  (persona l  communication). Each cub i c  meter 

of c loud t h a t  d r i f t e d  by t h e  ba l l oon  was c a l c u l a t e d  t o  r e c e i v e  about c a l o r i e s ,  

enough t o  cause l o c a l  evapora t ion .  

A smal l  r i f t  was c u t  through t h e  fog dep th  wel l  be fo re  t h e  end of t h e  9.3 

spray  per iod (Figure  Drop le t s  of g l y c e r i n e  water s o l u t i o n  were observed a t  t h e  

ground under t h e  ho l e .  The amounts of g l y c e r i n e  sprayed amounted t o  21  

which was c a l c u l a t e d  t o  be more t han  s u f f i c i e n t  t o  cause t h e  ho l e  by t h e  processes  
\ 

of vapor  d i f f u s i o n  p l u s  d r o p l e t  co l l i s i on- coa l e scence  and Clark ,  1972) .  

s t u d i e s  by i n d i c a t e  t h a t  c e r t a i n  l i q u i d  hygroscopics ,  and an 

n i t ra te- urea- water  s o l u t i o n  i n  p a r t i c u l a r ,  a r e  reasonably  e f f e c t i v e  i n  d i s s i p a t i n g  

fog .  More e f f i c i e n t  means are s t i l l  being sought .  

5. FUTURE FOG STUDIES WITH HOT-AIR BALLOONS 

The EPSD i s  c u r r e n t l y  funded t o  conduct a  b a s i c  f o g  c h a r a c t e r i z a t i o n  s tudy  w i th  

t h e  manned ho t- a i r  ba l loon .  Emphasis w i l l  be placed on s tudying  t h e  boundary l a y e r  

between dense fog  and c l e a r  a i r  above t h e  fog .  Acqu i s i t i on  of p r o f i l e s  of c e r t a i n  

parameters  through t h e  f o g  w i l l  a l s o  be a t tempted .  The s t u d y  w i l l  be conducted 

p r i m a r i l y  i n  t h e  warm, w in t e r  r a d i a t i o n  fogs  t h a t  form i n  t h e  San Joaquin Val ley  

of C a l i f o r n i a .  The format ive  and r i p e n i n g  s t a g e s  of t h e s e  fogs  a r e  of p a r t i c u l a r  

i n t e r e s t ,  s i n c e  p roces se s  a t  t h e s e  s t a g e s  may hold p o t e n t i a l s  f o r  mod i f i ca t i on  t o  

p revent  o r  d i s s i p a t e  fog. 
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